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(57) ABSTRACT

An apparatus for centrifugal casting under vacuum includes a
rotor having a shaft extending 1n an essentially vertical direc-
tion and being rotatable around an axis defined by the shaft.
The rotor has at least one mold, at least one crucible, and a
gas-tight housing in which the mold and the crucible are
accommodated. The apparatus also includes a vacuum source
to create a vacuum 1n the housing, a heating device that melts

a metal, a drive device that drives the shait in order to rotate

the rotor, and an auxiliary acceleration device configured to
generate a force to further rotate the rotor to overcome a

moment of inertia of the rotor. The auxiliary acceleration
device icludes a jet propulsion and/or at least one pushing
actuator accelerating the resting rotor.

15 Claims, 5 Drawing Sheets
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APPARATUS FOR CENTRIFUGAL CASTING
UNDER VACUUM

BACKGROUND OF THE

INVENTION

The mvention pertains to an apparatus for centrifugal cast-
ing under vacuum, in particular for the production of castings
made of titantum aluminides.

RU 2 056 971 C1 as well as GB 647 019 A describe
centrifugal casting machines having an auxiliary acceleration
device for generating a force to overcome a moment of 1nertia
of a rotor. However, both machines are not suitable for car-
rying out a centrifugal casting process under vacuum.

US 2001/00452677 Al describes an apparatus for centrifu-
gal casting under vacuum. In the known apparatus a {first
crucible and a rotor are accommodated within a gas-tight
vacuum chamber. A melt being taken up 1n a first crucible 1s
poured mto a second crucible or gate, respectively, which 1s
part of the rotor which can be rotated around a vertical axis.
The gate has a plurality of radial outlet openings opposite of
which there are arranged 1nlet openings of molds extending in
a radial direction. The melt being poured mto the gate 1s
forced by centrifugal forces through the outlet openings
thereot into the molds. By use of this apparatus castings with
a simple geometrical shape like valves for internal combus-
tion engines and the like can be produced.

However, when producing castings from titanium alu-
mimdes or titanmium grade 2 having thin walls and a complex
geometry, €.g. shrouded turbine blades or turbo charges
wheels, one 1s encountered with several problems, like the
formation cold-runs, hot tears, shrinkholes, pores, voids and

the like.

SUMMARY OF THE INVENTION

It 1s an object of the present mvention to overcome the
disadvantages in the art. According to an aim of the invention
there shall be provided an apparatus for centrifugal casting by
which castings having a complicated geometry can be cast
with an improved quality. According to a further aim of the
invention by the proposed apparatus a production of high-
quality castings made of titanium aluminides shall be pos-
sible.

This object 1s solved by the features of claim 1. Advanta-
geous embodiments of the invention are described by the
features of claim 2 to 17.

In the sense of the present invention under a “crucible”
there 1s 1n general understood a container which has suificient
heat resistance to take up a metallic melt without being dam-
aged and without undergoing reactions with the melt. A *“cru-
cible” 1n the sense of the present invention may have any
suitable shape. In particular 1t may have the shape of a cylin-
der the bottom of which has a rounded concave shape. How-
ever, a “crucible” 1n the sense of the present invention may
also be formed as ring-like channel. Suitable materials for the
production of a crucible are alumina, Y,O,, magnesia, silica-
glass, graphite and the like.

According to one aspect of the invention there 1s provided
an auxiliary acceleration device for generating a force to
overcome a moment of inertia of the rotor—By the proposed
feature 1t 1s possible to rapidly accelerate the rotor within a
short time to a high rotational speed. Due to the acting cen-
trifugal forces the melt 1s rapidly forced at a high temperature
into the mold. Thereby the porosity of castings 1s lowered.

According to further aspect of the invention the rotor com-
prises a gas-tight housing in which the mold and the crucible
are accommodated. By this feature the volume to be evacu-
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2

ated can be reduced remarkably. As a consequence the hous-
ing can be evacuated faster and a higher vacuum can be
achieved. Thereby further the porosity of castings can be
minimized.

According to a further aspect of the invention there is
provided a heating device for melting a metal, the metal being
taken up in the gas-tight housing within the crucible. By the
proposed feature the step of pouring the melt into a cold
crucible or gate, respectively, being accommodated within
the rotor can be avoided. It 1s believed that this step 1s respon-
sible for an undesirable cooling-down of the melt and there-
fore for the formation of cold-runs, hot tears, pores and the
like.

According to an embodiment of the invention the auxihary
acceleration device comprises a flywheel and a clutch for
drivingly connecting the flywheel with the shatt. By means of
the proposed flywheel a high amount of rotational energy can
be transferred within less than one second upon the rotor.

There may be provided a separate drive device for creating
a rotational movement of the flywheel. According to an
advantageous embodiment the flywheel 1s drivingly con-
nected for creating a rotational movement thereof with the
drive device provided for driving the shaft. In this case the
clutch may be provided in the drive chain between the fly-
wheel and the shatt. According to the proposed embodiment
the drive device, which may comprise an electric motor, can
either be used to create a rotational movement of the flywheel
as well as for further accelerating and/or driving the rotor
aiter the rotational energy of the flywheel has been transferred
to the rotor.

According to a further embodiment of the mvention the
auxiliary acceleration device may comprise a jet propulsion.
The jet propulsion may comprise at least one nozzle being
mounted at the outer circumierence of the rotor. Advanta-
geously there are provided several nozzles at the outer cir-
cumierence of the rotor. The jet propulsion may comprise a
tank with pressurized gas to be expelled through at least one
nozzle. According to an advantageous embodiment the at
least one nozzle 1s mounted at an outer circumierence of the
rotor. The proposed jet propulsion may be used 1n combina-
tion with the proposed flywheel. Thereby a rapid acceleration
of the rotor can be reached.

The auxiliary acceleration device may also comprise at
least one pushing actuator for pushing the resting rotor. Such
a pushing actuator comprises preferably a pneumatic driven
pushing rod. If the rotor comprises several rotor arms there
may be provided a pushing actuator nearby each of the rotor
arms. A Iree end of the pushing actuator acts upon an outer
circumierential section of the rotor and creates and immedi-
ate acceleration of the rotor. The pushing actuator may be
advantageously combined with the aforementioned tlywheel.
The pushing actuator may be activated up to 0.3 seconds
betore the rotational energy from the flywheel 1s transterred
to the rotor. Thereby the acceleration of the rotor can be
improved remarkably.

A section of the gas-tight housing of the rotor 1n which the
crucible 1s accommodated may be made of an material which
1s essentially transparent for electromagnetic fields. The
material 1s preferably a ceramic, in particular alumina, or a
glass, 1n particular silica-glass. The proposed materials allow
for a melting of the metal by providing an induction heating
nearby the section. According to a further embodiment the
section being made of the essentially electrically i1solating
material protrudes from a base of the rotor or the base of a
rotor arm, respectively.

According to a further embodiment the outlet opening/s of
the crucible 1s/are arranged 1n a second radial distance from
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the axis. The second radial distance 1s greater than a diameter
of the usually cylindrical shaped crucible. The second radial
distance may be in the range of 300 to 500 mm, in particular
in the range o1 320 to 400 mm. The first radial distance, 1.e. the
distance between an inlet opening of the mold and the axis, 1s
usually larger than the second radial distance. The difference
between the first and the second radial may be 0 to 50 mm,
preferably 0 to 10 mm.

By the proposed eccentrical arrangement of the crucible
the centrifugal forces acting on the melt can be increased
remarkably. By use of such an arrangement also the mold 1s
arranged 1n a larger radial distance from the axis. Therefore
the centrifugal force acting on the melt being forced into the
mold can be increased. By this measure the formation of hot
tears, hold runs and the like can be counteracted.

According to a further embodiment a heating device com-
prises an induction-coil. In this case 1t has been proven to
advantageous to use a crucible being made of graphite or to
accommodate within the crucible, which may be made of
alumina, Y,O, or the like, a further crucible being made of
graphite. By using a crucible or a further crucible being made
of graphite a fast melting of an 1ngot being taken up therein
can be effected.

According to a further embodiment there may be provided
a device for moving the induction-coil from a first position
surrounding at least partly the crucible in a second position in
which it does not interfere with a rotational path of movement
of the crucible. This embodiment 1s directed in particular in an
arrangement 1 which one or more separate crucibles are
accommodated 1n the rotor 1n an eccentrical position. Accord-
ing to a further advantageous feature the induction-coil has an
inner diameter which 1s larger than an outer diameter of the,
preferably cylindrical shaped protrusion extending from the
base of the rotor. This makes 1t possible to shift the induction-
coil 1n a position 1n which it at least partly surrounds the
protrusion 1n which the crucible 1s accommodated.

According to a further embodiment the crucible may also
have the form of a ring-shaped channel being centrally
accommodated 1n the rotor. Such a rnng-shaped channel may
have a plurality of outlet openings vis-a-vis the inlet openings
of radially extending molds. The proposed ring-shaped cru-
cible may be surrounded by induction-coil for heating ingots
taken up therein.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the object of the invention 1s
explain 1n greater detail below on the basis of FIGS. 1 and 3.

FI1G. 1 shows a vertical cross section through essential parts
of a first apparatus,

FI1G. 2 shows a vertical cross section through essential parts
ol a second apparatus,

FIG. 3 shows a schematic plan view of a third apparatus,

FIG. 4 shows a perspective view of a pushing actuator
according to FIG. 4 and

FIG. 5 shows a plot of the rotational speed of the first
apparatus over the time.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a first apparatus for centrifugal casting. A
rotor 1 has a shaft 2 which extends vertically therefrom. The
shaft 2 1s rotatable around an axis A. The rotor 1 1s accom-
modated within a housing 3. A 11id 4 of the housing 3 can be

opened.
The rotor 1 may comprise several arms 3 which extend 1n a
radial direction therefrom. In a bottom B of each arm 5 there
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1s provided an opening which 1s sealed 1n gas-tight manner by
a first crucible 6 extending the vertical direction from the
bottom B. The first crucible 6 may be made of a heat resistant
maternal like alumina, silica-glass or the like. Within the first
crucible 6 there 1s accommodated a second crucible 7 which
may be made again of a heat resistant material like alumina,
Y,0O;, magnesia and the like. The second crucible 7 also
extends beyond the bottom B of the arm 2. The second cru-
cible 7 has 1n an upper section thereol a radial outwardly
protruding outlet opening 8 which is distanced from the axis
A with a second radial distance r2.

A mold 9, which may be made of a ceramic matenal lined
with Y,O,, 1s arranged vis-a-vis the outlet opening 8 of the
second crucible 7 and extends in a radial direction therefrom.
An 1nlet opening (not shown here) of the mold 9 1s arranged
opposite to the outlet opening 8. The inlet opening 1s dis-
tanced from the axis A with first radial distance rl. In the
embodiment shown 1n FIG. 1 the first radial distance rl is
roughly the same as the second radial distance. However, 1t
has be understood that the first radial distance rl may be
larger than the second radial distance r2. The mold 9 1s cov-
ered by a piston 10 which can be releasably mounted at the
arm 5 1n gas-tight manner. The rotor 1 being sealed with the
pistons 10 mounted at the arms 5 can form per se a gas-tight
housing. This housing can be evacuated by a vacuum source
(not shown here) which may be connected with the rotor 1 via
the shaft 2. However, 1t 1s also possible to provide break-
throughs 1n the rotor 1 and to evacuate the housing 3 sur-
rounding the rotor 1. In both cases it 1s possible to carry out
the centrifugal casting process under vacuum. Alternatively,
it 1s possible to carry out the centrifugal casting process under
a shield gas, like Ar.

An induction-coil 11 1s movable 1n an essentially vertical
direction by a lifting device 12 so that the induction-coil 11
can selectively be lifted to surround the first crucible 6 as well
as the second crucible 8 accommodated therein.—Within the
second crucible 7 they may accommodated a third crucible
(not shown here) which may be produced from a material
which couples with induced currents. Such a material may be
for example graphite. When using a third crucible the melting
of an 1ngot taken up therein can be accelerated.

A drive chain comprises an electric motor 13 which 1s
connected with a flywheel 14 by first V-belts 15. The tlywheel
14 can selectively be connected by a clutch 16 with a first
pulley 17. The first pulley 17 1s drivingly connected by second
V-belts 18 with a second pulley 19 being mounted on the shaft
2. Reterence signs 20 designate bearings for rotatably sup-
porting the shait 2.

A first gear transmission ratio between a motor pulley 21
and a flywheel pulley 22 1s around 1:2.5. A second gear
transmission ratio between the first pulley 17 and the second
pulley 19 1s around 1:1.4. It has to be understood that the gear
transmission ratio can be adapted in accordance with the
power of the used electric motor 13, the radius and the mass
of the rotor 1.

The function of the first apparatus for centrifugal casting 1s
as follows:

The driving chain 1s disconnected by means of the clutch
16. Then the flywheel 14 1s driven by means of the electric
motor 13 until a high rotational speed 1s achieved. At the same

time an 1ngot consisting of a y-titanium aluminide which may
have 1n at. % the following composition:

Ti4550Al45 46X 1, 3X25 4X3 ),
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where

X1=Cr, Mn, V

X2=Nb, Ta, W, Mo

X3=S1, B, C.

For example, the titanium aluminide alloy may contain 30
to 45 wt. % Al, 4 to 6 wt. % Nb and as balance Ti1 as well as
unavoidable impurities. Further, the alloy may contain one or
more of the following constituents: 0.5 to 3.0 wt. % Mn, 0.1
to 0.5 wt. % B, 1.5 to 3.5 wt. % Cr. Further, the titanium
aluminide alloy may contain O 1n an amount of 0 to 1000
ppm, C in an amount o1 0 to 1000 ppm, preferably 800to 1200
ppm, N11n an amount of 100 to 1000 ppm and N 1n an amount
of 0 to 1000 ppm.

An 1ngot of the alorementioned composition 1s melt by
means of the induction heating. During the heating process
the induction-coil 11 1s 1n a lifted-up position surrounding the
first 6 and second crucible 8. As soon as the mgot has been
molten the mduction-coil 11 1s brought into a lower position
in which 1t does not interfere with the first crucible 6 extend-
ing from the bottom B of the rotor 1. Then by means of the
clutch 16 the rotational energy saved by the flywheel 14 1s
transmitted upon the rotor 1. The rotor 1 1s accelerated with a
high speed. The centrifugal force acting on the melt being
taken up in the second crucible 8 forces the melt into the mold
9.

FIG. 2 shows a second apparatus for centrifugal casting. In
contrast to the first apparatus there 1s accommodated a fourth
crucible 23 1n a centrical position relative to the axis A. Outlet
openings of the fourth crucible 23 are designated by reference
signs 8. The fourth crucible 23 may be made of alumina,
graphite, Y,O; and the like. In order to melt an 1ngot being
taken up 1n the fourth crucible 23 it may be surrounded by an
induction-coil (not shown here). Vis-a-vis the outlet openings
8 there are mounted molds 9 with their inlet openings 24
being located opposite the outlet openings 8. At the outer
circumierence of the rotor 1 there are provided nozzles 235
which are connected via a pressure air line 26 with a pressure
air supply tank 27.

The function of the second apparatus for centrifugal cast-
ing 1s as follows:

An mgot taken up 1n the fourth crucible 23 1s molten by an
induction heating (not shown here) which 1s part of the rotor
1. As soon as the melt has been created a valve (not shown
here) interrupting the pressure air line 26 1s opened so that the
nozzles 25 are pressurized. The back stroke created by the
nozzles 25 rapidly accelerates the rotor 1. Again the melt
being taken up 1n the fourth crucible 23 1s forced by centrifu-
gal forces into the molds 9.

The auxiliary acceleration devices described 1n the first and
second apparatuses can be combined 1n order to achieve a
turther enhanced acceleration of the rotor 1.

FIGS. 3 and 4 show views of a third apparatus. There are
provided two pneumatic pushing actuators 28 each of which
comprises a piston 29 and a pushing rod 30 being guided
within the piston 29. Both pistons 29 are connected with a
joint air line (not shown here) which 1s connected via a valve
with a source of compressed air (not shown here).

A free end of the pushing rod 30 1s disposed such that it may
abut, e.g. against a flange 31 at which each piston 10 mounted.
As can be seen from FIG. 4 the pushing actuator 28 is dis-
posed 1 a plane below a rotational plane of the rotor 1.
However, the free end of the pushing rod 30 interferes 1n a
retracted state with a lower portion of the flange 31. The
pushing rod 30 and 1ts free end does not interfere with the
flange 31, the rotor 1 or the piston 10 1n an extended state. This
can be achieved, as can be seen from FIG. 4, by disposing the
pushing actuator 28 such that the free end of the pushing rod
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30 stops 1n 1ts extended state at a radial outer position com-
pared to the radius of the flange 31. In order to avoid an
interference 1n the extended state of the pushing rod 30 there
1s provided at 1its free end a pushing plate 32, a height or a
diameter of which 1s larger than the diameter of the pushing
rod 30. A difference 1n height or diameter between the push-
ing rod 30 and the pushing plate 32 1s chosen such that 1t 1s
larger than a projecting length of the flange 31. Further a
length of the pushing rod 30 1n the extended state 1s chosen
such that no interference can occur between the tlange 31 and
the pushing plate 32.

The auxiliary acceleration device shown 1n FIGS. 3 and 4
may be combined with the auxiliary acceleration device com-
prising the flywheel 14. At an 1nitial state the pushing plates
32 of the pushing actuators 28 abut against a lower portion of
the tflange 31. Upon opening of the vent both pistons 39 are
pressurized immediately with a high air pressure by which the
pushing rod 30 1s forced with a high speed from 1ts retracted
state mto 1ts extended state. The rotor 1 1s accelerated 1imme-
diately. E.g. 0.1 to 0.3 seconds after the vent has been opened
a rotational energy saved by the flywheel 14 1s additionally
transmitted by means of the clutch 16 on the rotor 1. Thereby
an extreme high acceleration of the rotor 1 can be achieved.

It has to be understood that the pushing actuator 28 not
necessarily has to be driven by compressed air. It 1s also
possible to drive the pushing actuator 28 from example by a
spring, by hydraulic means, by blasting agents or by other
means by which a high energy can be transferred within a
short time.

FIG. 5 shows a plot of the rotational speed of the rotor of the
first apparatus above the time. From this plot one can see that
in less than one second the rotor 1 of the first apparatus can be
accelerated on a speed of around 140 rpm. This 1nitial accel-
cration 1s essentially created by a transfer of the rotational
energy from the auxiliary acceleration device, e.g. flywheel
14, to the rotor 1. Afterwards, the rotor 1 1s accelerated at a
lower rate of acceleration by the effect of the electric motor
13.—Although 1t 1s not shown 1n FIG. 3 it has to be under-
stood that with the proposed apparatus the rotor can be rotated
at a constant rotational speed after first period of high accel-
eration and the subsequent period of lower acceleration.
There may be provided a control equipment by which the
period of constant rotational speed may be limited to 1 to 6
minutes, preferably to 4 to 6 minutes. Afterwards the move-
ment of the rotor may be stopped. By the control equipment
the movement of the rotor may be controlled automatically.

By the proposed auxiliary acceleration device 1t 1s possible
to rapidly force the melt from a second crucible 7 or a fourth
crucible 23 into the mold 9. In particular the melt immediately
can be forced into the mold 9 after 1t has reached a predeter-
mined temperature. An undesirable cooling-down of the melt,
which for example 1s created when a metal melt 1s poured
from further crucible being located outside the rotor 1 1nto a
second 7 or fourth crucible 23 being accommodated 1n the
rotor 1 1s avoided. Furthermore, an evaporation of volatile
constituents of a metal alloy can be minimized.

The mvention claimed 1s:

1. An apparatus for centrifugal casting under vacuum, said
apparatus comprising:

a rotor having a shait extending 1n an essentially vertical
direction therefrom and being rotatable around an axis
defined by the shatt,
the rotor having at least one mold releaseably fixed

thereto at a first radial distance from the axis, and at
least one crucible associated with the mold so that an
outlet opening of the crucible 1s arranged opposite an
inlet opening of the mold, and
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the rotor turther comprising a gas-tight housing in which
the mold and the crucible are accommodated,

a vacuum source to create a vacuum in the housing,

a heating device that melts a metal, the metal being taken

up in the gas-tight housing within 1n the crucible,

a drive device that drives the shait 1n order to rotate the

rotor, and

an auxiliary acceleration device configured to generate a

force to mitiate the rotation of the rotor to overcome a
moment of inertia of the rotor, the auxiliary acceleration
device comprising jet propulsion and/or at least one
pushing actuator accelerating the resting rotor.

2. The apparatus of claim 1, wherein the auxiliary accel-
eration device further comprises a flywheel and a clutch driv-
ingly connecting the flywheel with the shaft.

3. The apparatus of claim 2, wherein the flywheel 15 driv-
ingly connected to create a rotational movement thereot with
the drive device provided for driving the shatt.

4. The apparatus of claim 3, wherein the clutch 1s provided
in a drive chain between the flywheel and the shaft.

5. The apparatus of claim 1, wherein the drive device
comprises an electric motor.

6. The apparatus of claim 1, wherein the jet propulsion
comprises at least one nozzle mounted at the outer circum-
terence of the rotor.

7. The apparatus of claim 6, wherein the jet propulsion
comprises a tank with pressurized gas to be expelled through

the at least one nozzle.
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8. The apparatus of claim 1, wherein the pushing actuator
comprises a pneumatic driven pushing rod.

9. The apparatus of claim 1, wherein a section of the gas-
tight housing in which the crucible 1s accommodated 1s made
of a material, which 1s essentially transparent for electromag-
netic fields.

10. The apparatus of claim 9, wherein the matenal 1s a
ceramic or a glass.

11. The apparatus of claim 1, wherein the shatt 1s hollow
and wherein the vacuum source 1s connected with the housing

through the shatt.

12. The apparatus of claim 1, wherein the outlet opening of
the crucible 1s arranged 1n a second radial distance from the
axis.

13. The apparatus of claim 12, wherein the second radial
distance 1s larger than a diameter of the crucible.

14. The apparatus of claim 1, wherein the heating device
comprises an induction-coil.

15. The apparatus of claim 14, further comprising a moving
device configured to move the induction-coil from a first
position surrounding at least partly the crucible to a second
position in which 1t does not interfere with a rotational path of
movement of the crucible.
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